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(54) Integrated circuit employing quantized feedbacic 



(57) An integrated circuit (1) employing quantized 
feedback. is capable of compensating for decay in re> 
ceived capacrtively-coupted digital signals (Sq). In an 
exemplary embodiment, the integrated circuit includes 
a quantized feedback receiver (20) connected to a ca- 
pacitively-coupled integrated circuit input (10). The ca- 
pacitively-coupfed input produces a decaying signal 
(Sq) for corresponding intervals of an Input digital signal 
(S,) that are substantially DC voltages. Longer sequenc- 
es of consecutive data bits of the same logic state in the 



input signal are represented by a corresponding longer 
DC voltage signals resulting in a greater decay in the 
capacitlvely-coupled signal. The receiver operates by 
generating a complementary feedback signal (Sp) which 
Is combined (in 35) with the capacitively-coupled signal 
(So). The feedback signal (Sp) is generated with a mag- 
nitude rate of change that compensates for the decay 
in the capacitively-coupled signal (S^) such that the dig- 
ital information in the combined signal (Sc) can be de- 
tected substantially without error due to the decay. 
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Description 

Field of the Inv ntion 

The Invention relates to integrated circuit connmu- 
nications in general and more particularly to the use of 
quantized feedback in an integrated circuit. 

Background of the Invention 

In conventional digital communications systems, it 
Is often advantageous for integrated circuit chips that 
use different and incompatible operating voltages to 
communicate with one another. For example, it is often 
desirable to have an emitter coupled logic (ECL) inte- 
grated circuit employing -1.75 V and -0.9 V for logic 
states to communicate with a complimentary metal ox- 
ide semiconductor (CMOS) integrated circuit employing 
0 and.5 V for its logic states. To achieve such inter-chip 
communication, capacitive coupling has been used to 
block intervals ot DC voltages in a transmitted commu- 
nication signal. 

A typical communication signal conveys digital in- 
formation using a sequence ot segments of fixed dura- 
tion, with each segment representing a respective data 
bit of the digital information. Each segment possesses 
a particular DC voltage level tor representing the partic- 
ular binary logic state of the corresponding data bit. Ac- 
cordingly the communications signal includes DC volt- 
age intervals representing each data bit in the sequence 
and AC voltage intervals for the rise and fall times of the 
voltage transitions that occur between consecutive bits 
of different logic states. 

Capacitive coupling conveys the AC Intervals cor- 
responding to voltage transitions in the communication 
signal to an input of a receiving integrated circuit while 
blocking the voltage magnitude of the DC intervals. Ac- 
cordingly capacitive coupling can prevent erroneous 
reading of the digital information conveyed in a commu- 
nication signal by those receiving integrated circuits that 
employ different operating voltages for logic states. 
However, a conventional coupling capacitor disadvan- 
tageously acts in combination with an input resistance 
of the receiving Integrated circuit to produce a high pass 
filter. This high pass filter causes the capacltively-cou- 
pled signal at the Input of the receiving Integrated circuit 
to exponentially decay during the DC Intervals of the 
communication signal. 

More specifically, at the start of the DC interval, the 
capacitively-coupled signal has an initial voltage mag- 
nitude that is equal to the voltage magnitude achieved 
at the last voltage transition In the communication sig- 
nal. After starting at such a magnitude, the signal then 
decays for the remainder of the interval until the next 
voltage transition is received in the communication sig- 
nal. The transient rate of decay ot the capacitively-cou- 
pled signal Is based on the RC time constant of the pro- 
duced high pass fitter. Longer sequences of consecutive 



data bits of the same logic state in the communication 
signal produce gr ater decay in the corresponding ca- 
pacitiv ly-coupled signal. If the signal decays to a volt- 
age level below th receiving integrated circuit's thresh- 

5 . old voltage for detecting a logic state transition, then an 
erroneous reading of the transmitted data would result. 

In order to minimize the decay of capacitively-cou- 
pled signals, larger coupling capacitors with larger ca- 
pacitances are often employed to increase the RC time 

10 constant of the high pass filter The increased RC time 
constant produces a relatively slower decay rate ena- 
bling larger sequences of consecutive data bits of the 
same logic state to be detected without error. However, 
the typically required increase in capacitance, often on 

15 the order of 0.1 [iF, requires a relatively large surface 
mount capacitor that uses valuable surface area of a 
printed wiring board. Moreover, the larger capacitors are 
too large to be formed on the corresponding transmitting 
or receiving integrated circuits using conventional fabrl- 

20 cation techniques. As a consequence, the number of ca- 
pacitively-coupled Input -output connections that can be 
used within Integrated circuit Is reduced. 

In addition, transmitted signals are often encoded 
to reduce the possibility of large sequences of consec- 

2S utive data bits of the same logic state and the extent of 
the decay of the capacitively-coupled signal. However, 
such encoding and corresponding decoding adds unde- 
sirable complexity and expense to the integrated circuit 
design. 

30 Thus, a need exists for an enhanced integrated cir- 
cuit capacitive coupling technique that does not require 
large capacitors and/or encoding. 



35 



Summary ot the Invention 



The invention is based on the novel and unobvious 
application of quantized feedback to substantially re- 
duce the transient decaying effects produced by capac- 
itive coupling integrated circuits. As used herein, "quan- 
go tized feedback" refers to the generation of a complimen- 
tary feedback signal having a magnitude with a rate of 
change that compensates for the transient decay rate 
of a capacitively-coupled signal when these signals are 
combined. Such compensation should be sufficient to 
45 reduce errors in detecting the logic states of the digital 
Information conveyed in the communication signal. It is 
possible to substantially eliminate such errors by gen- 
erating the feedback signal with a magnitude rate of 
change substantially equal to the transient decay rate 
50 of the capacltively coupled signal. 

A quantized feedback technique was originally em- 
ployed in regenerative repeaters in undersea cables for 
processing communication signals effected by typical 
interference experienced over long distances of under- 
55 sea telephone cables. Although quantized feedback 
was used to reduce the effects of int rference over long 
distances in such cables, it has a novel and unobvious 
application in substantially correcting the signal decay 
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of communication signals between capacttively-coupted 
integrated circuits. 

Accordingly, a quantized feedback receiver is em- 
ployed in an integrated circuit to generate tin comple- 
mentary feedback signal and combine it witln a capaci- 
tively-coupled signal. The resulting combined signal 
substantially compensates for the decaying intervals in 
the received signals and restores such intervals to volt- 
age magnitudes detectable by the integrated circuit. The 
digital information In the resulting combined signal can 
then be detected by other sections of the integrated cir- 
cuit or other integrated circuits substantially without er- 
ror. 

The invention enables integrated circuits to employ 
capacitive coupling to receive communication signals 
substantially Independent of the respective DC voltage 
magnitudes used to represent logic states and substan- 
tially free of the decay typically associated with such 
coupling. As a consequence, sequences of consecutive 
data bits of the same logic state in a communication sig- 
nal do not produce an erroneous data reading. Thus, 
encoding and decoding of the communication signal for 
this purpose is not required which results in an advan- 
tageous reduction in circuit complexity and power re- 
quirements. 

This invention is particularly useful in providing in- 
' terconnectlon of different Integrated circuit types includ- 
ing different standard types of integrated circuits, such 
as CMOS, ECU transistor-transistor-logic (TTL), Gun- 
ning-translstor-logic (GTL). tow-voltage-differential- 
swing (LVDS), pseudo-emitter-coupled logic (PECL) 
• and high-speed-transceiver-loglc (HSTL), without the 
need for elaborate and complex conversion techniques 
and hardware. With the increasing number of input/out- 
put standards being developed, the invention enables a 
single integrated circuit receiver to detect digital infor- 
mation conveyed in signals according to such new 
standards without requiring a redesign or reconfigura- 
tion of the integrated circuit. 

Additional features and advantages of the present 
invention will become more readily apparent from the 
following detailed description and accompanying draw- 
ings. 

Brief Description of the Drawings 

FIG. 1 illustrates a schematic block diagram of an 
exemplary input section of an integrated circuit chip 
in accordance with the invention; 
FIG, 2 Illustrates an exemplary timing diagram 
showing the operation of the input section of FIG. 1 ; 
FIG. 3 illustrates an exemplary circuit diagram ac- 
cording to the block diagram of FIG. 1 ; and 
FIG. 4 illustrates an exemplary timing diagram 
showing the operation of the circuit of FIG. 3. 



D tailed Description 

The invention is based on the discovery that quan- 
tized f e dback can be mployed to compensate for the 

s decaying Intervals of a capacitively-coupled input signal 
caused by high pass filtering at an integrated circuit in- 
put. Thus, an integrated circuit in accordance with the 
invention employs a quantized feedback receiver (QFR) 
to generate a complimentary feedback signal having a 

10 nnagnitude that changes at a particular rate to compen- 
sate for the transient decay of such intervals in the input 
signal when the signals are combined. Sufficient com- 
pensation should be provided by the feedback signal to 
reduce erroneous detection of the logic states of the dlg- 

is ita! information conveyed in the Input signal before it is 
provided to other sections of the integrated circuit or 
routed to other integrated circuits. 

Several exemplary configurations of the Invention 
are described In detail below with regard to FIGS. 1 and 

20 3. These configurations are for illustration purposes only 
and not meant to be a limitation of the invention. It is 
possible to employ numerous other QFR configurations 
to produce the desired complimentary signal for elimi- 
nating the transient decay in a capacitively-cpupled sig- 

2S nal in accordance with the invention. 

FIG. 1 illustrates an exemplary input section 5 of an 
integrated circuit 1 in accordance with the invention. The 
input section 5 has an input 10 capacitively-coupled by 
interconnect 7 to an assembly 1 5, such as a printed wir- 

30 ing board (PWB) or multi-chip module (MCM). More 
specifically, the interconnect 7 is coupled to an electrical 
Interconnect 9, such as a metalized trace wire on the 
assembly 15. The Interconnects 7 and 9 provide elec- 
trical communication between the integrated circuit 1 

35 and other Integrated circuits or electrical components 
(not shown) that are coupled to the assembly 15. An in- 
put signal S/ Is provided from the assembly 15 through 
the interconnects 7 and 9 to the integrated circuit input 
10. 

40 The Integrated circuit input section 5 includes a ca- 
pacitor 25 that provides the capacitive coupling for the 
input 10. A QFR 20 Is coupled to the input 10 via the 
capacitor 25. Although the coupling capacitor 25 is lo- 
cated on the Integrated circuit 1 In FIG. 1 , it is also pos- 

4S sible to form the capacitively-coupled input 10 with the 
capacitor 25 positioned on the assembly 15, as part of 
the interconnect 7 or within a protective package (not 
shown) that encompasses the integrated circuit 1. 
Moreover, the depicted input section 5 includes a 

so single capacitively-coupled input 1 0 and corresponding 
QFR 20 lor ease of iltustratlon and discussion purposes 
only and is not meant to be a limitation of the invention. 
It is further possible for an Integrated circuit in accord- 
ance with the invention to employ a plurality of capaci- 

ss tively-coupled Inputs and QFRs as Is r quired by the in- 
tegrated circuit application. 

The QFR 20 includes an electrically resistive ele- 
ment 30 such as a resistor, a signal combiner 35, a sig- 
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nal quantizer 40 and a low pass filter (LPF) 45. The ca- 
pacitor 25 is coupled to the resistive element 30 which 
is also coupled to an AC ground of the integrated circuit 
1 . The resistive element 30 and capacitor 25 ar further 
coupled to the signal combiner 35. The capacitor 25 and s 
resistive element 30 form a high pass filter 55 that pro- 
duces a capacltively-coupled signal Sp based on the In- 
put signal S/. The signal Sp is provided to the signal com- 
biner 35. The signal combiner 35 also receives a com- 
plimentary feedback signal Sp and generates a com- io 
bined signal corresponding to a restored capacltive- 
ly-coupled signal which is provided to an input 42 of the 
signal quantizer 40. 

The signal quantizer 40 generates an output signal 
Sq which can be provided to another section of the in- is 
tegrated circuit 1 or to another Integrated circuit (not 
shown) for processing. Although either signals SqOT Sq 
can be used to convey the digital information to the an- 
other integrated circuit section or integrated circuit, it is 
desirable to use the signal Sq for such a purpose as 20 
described in detail below with regard to FIG. 2. The out- 
put signal Sq is also provided to the LPF 45 which pro- 
duces the complimentary feedback signal Sp provided 
to the signal combiner 35. An optional edge detector 50 
is coupled to a clock input 41 of the signal quantizer 40 25 
and to the resistive element 30 for detecting transitions 
in the capacltively-coupled signal Sp. 

The capacitively-coupled signal Sp corresponds to 
the input signal S,but with decaying intervals for respec- 
tive DC voltage intervals of the input signal S/duetothe 30 
high pass filtering of the filter 55. Also, the capacitively- 
coupled signal Sp has voltage magnitudes that are sub- 
stantially limited to within the operating voltages of the 
Integrated circuit 1 as is described in detail below with 
regard to FIG. 2. In accordance with the invention, it Is 3S 
advantageous for the generated complimentary feed- 
back signal Sp to have a rate of change in magnitude 
substantially equal to the transient decay rate during 
each DC voltage interval of the signal S,. Thus, when 
the signals Sp and Spare combined by the signal quan- 4o 
tizer 35, the resulting combined signal Sq corresponds 
to the input signal Sf substantially without decay and 
within the operating DC voltages of the integrated circuit 
1. 

However, the magnitude rates of change of the sig- 4S 
nals Sp and Sp need not be the same in accordance 
with the Invention. The rate of change employed for the 
magnitude of the signal Sp should be provided that pro- 
duces a corresponding combined signal Sq having a 
voltage magnitude that is detectable by the integrated so 
circuit 1, or other integrated circuits coupled to that In- 
tegrated circuit, for representing the proper logic state 
conveyed in the input signal Sy. Since the decay rate of 
the signal Sp is based on the RC time constant of the 
high pass filter 55, it is possible to achieve the desired ss 
rate of change in the signal Sp by employing the corre- 
sponding desired RC time constant for the LPF 45 as 
described in detail below with regard to FIG. 2. For in- 



stance, if the magnitude rates of change in the signals 
Sp and Sp are to be substantially the same to substan- 
tially eliminate the decay than the RC time constraints 
forth high pass filter 55 and the LPF 45 should be sub- 
stantially the same. 

An exemplary timing diagram 100 illustrating the 
operation of the QFR 20 is shown in FIG. 2. The wave- 
forms in FIG. 2 as well as FIG. 4 are depicted as ideal 
waveforms for ease of illustration and it should be read- 
ily understood that particular rise and fall times would 
exist for the voltages transitions, such as at time T^for 
the waveform 110 in FIG. 2. In FIG. 2, waveform 110 
depicts the input signal S/ representing a number of con- 
secutive bits of the same particular logic state for a pe- 
riod between times Tq and and consecutive bits of 
another logic state after . Consecutive bits of the 
same togic state are typically represented in a commu- 
nication signal as a corresponding inten^al of a particular 
DC voltage level, such as voltage level V-, or V/^'" FIG. 2 

A waveform 1 20 depicts the corresponding capac- 
itively-coupled signal S^ produced by the high pass filter 
55. The waveform 120 and corresponding waveforms 
generated within the QFR 20 are substantially within the 
operating voltages VX^;^.and V}^,^ of the integrated cir- 
cuit 1 . The operating voltages V^^and Vf^n^o^ the in- 
tegrated circuit 1 can be different than the voltages mag- 
nitudes and V/^ of the input signal S/110. The respec- 
tive operating voltages Vf^^x and Vf^^f^ and and 
have not been drawn to scale in FIG. 2 and are not in- 
tended to be depicted as having similar operating DC 
voltages. 

At the start of a DC voltage Interval of Input signal 
S/110 such as at time Tq, the signal Sp 1 20 has an initial 
voltage magnitude such as (V^ax' ^min) ^hat is sub- 
stantially equal to the voltage magnitude achieved at the 
conclusion of a last voltage transition in the input signal 
S/110 of (lV/^f//v- ^MA)^) After starting at such a magni- 
tude, the signal S/^ 120 then decays for a duration until 
a next transition is received in the signal S/110, such as 
at time T^. The signal Sp 120 decays at a rate, typically 
an exponential rate, based on the RC time constant of 
the high pass fitter 55. It is possible for the RC time con- 
stants for the CMOS QFR 20 to be in the range of, for 
example, approximately 4 to 10 nsec. 

The time duration that the input signal S/110 re- 
mains at a particular voltage level determines the extent 
of the decay in the corresponding signal Sp 120. As a 
consequence, longer sequences of consecutive bits of 
the same logic state in the input signal S/110 cause a 
corresponding greater decay in the signal Sp 120 for 
those bits. Such decay, if uncorrected, can cause erro- 
neous reading of the digital information contained in the 
signal S/ by the integrated circuit 1 . 

The signal Sp 120 is combined by the signal com- 
biner 35 with the feedback signal Sp, shown as wave- 
form 140 and described below, to form the combined 
signal S^ shown as waveform 150. The combined sig- 
nal Sq 150 is provided to the signal quantizer 40. The 
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signal quantizer 40 generates a quantized output signal 
Sq, shown as waveform 1 30, based on the signal Sq 
150. The output signal 130 is generated at a partic- 
ular voltage, such as voltage V/^^x 

or ^Mifsfi based on 
the signal S^at the time a signal pulse is received at its ^ 
clock input 41 . 

It is possible to provide clock pulses to the signal 
quantizer clock input 41 in synchronization with the re- 
ceived bits in the input signal S/. Such clock pulses can 
be generated within or external to the integrated circuit io 
1 . After a clock pulse is received, the signal quantizer 
40 continues to generate the output signal Sq 1 30 at the 
particular voltage independent of any change In voltage 
of the quantizer input signal 150 until the next clock 
pulse is received at the clock input 41. In processing ^5 
digital signals, it is possible to use a flip-flop or latch, 
such as a D-type flip-flop, for the signal quantizer 40. 

The output signal Sq 1 30 is provided to the LPF 45 
which produces the corresponding feedback signal Sp 
shown as waveform 140 in FIG. 2. When the signal Sq 
is at substantially the voltage V/^^j^ or the high logic 
state, such as between times T^and Tj, the LPF 45 pro- 
duces the feedback signal 140 that increases in mag- 
nitude from a particular low voltage, such as V^^^ff^, at a 
particular rate detemnined by the RC time constant of 2S 
the LPF 45. If the RC time constant of the LPF 45 is 
substantially equal to the RC time constant of the high 
pass filter 55, then the rate of increase in the signal Sp 
1 40 is substantially equal to the decay rate of the signal 
Sp 120 as is shown in FIG. 2. 30 

As a consequence, the combining of the signals Sp 
120 and Sp140 having magnitudes that are respectively 
decreasing and increasing at substantially the same 
rate forms the combined signal Sq, shown as waveform 
150, with a substantially DC voltage magnitude during 3S 
the interval between times Tq and T^. in other words, 
the combining of the feedback signal Sp 140 with the 
decaying signal Sp 120 effectively restores the voltage 
magnitude of the capacitively-coupled signal without 
substantial decay. Accordingly, the signal quantizer 40 
generates the output signal Sq 1 30 based on the com- 
bined signal Sq 150. Although either signals Sq 150 or 
Sq 1 30 can be used for the output signal of the integrat- 
ed circuit input section 5, it is advantageous to use the 
quantized signal Sq 1 30 for such purposes because in- 
tervals of the signal Sq 1 30 are forced or latched to re- 
spective DC voltage levels corresponding to logic states 
and are not subject to small variations that might occur 
as a result of combining the signals in forming the signal . 
S^ISO. so 

In a similar manner, after time T,, which is the tran- 
sition of the signal Sp 1 20 from the high logic state or 
voltage V^^axXo the low logic state or voltage Vf^jf^, the 
filtered signal Sp 140 further compensates for the un- 
dershoot of the minimum operating voltage Vf^ff^ of the ss 
Integrated circuit 1 that occurs at the voltage transition 
at time T^, This compensation occurs because the low 
pass filter 45 generates the filtered signal Sp140 with a 



substantially opposite and equal rate of change than a 
change in the signal Sp 120 caused by the high pass 
filter 55. 

As Is previously stated, it is possible to provide clock 
pulses to the signal quantizer clock input 41 in synchro- 
nization with the received bits in the input signal S/for 
maintaining the desired voltages for the output signal 
Sq. However, in accordance with a second aspect of the 
invention, an edge detector circuit, such as the edge de- 
tector 50 in FIG. 1 , can be used to detect the voltage 
transitions in the input signal S^and provide correspond- 
ing pulses to the quantizer clock input 41 , accordingly 
The edge detector 50 provides efficient generation of 
clock pulses only for voltage transitions in the input sig- 
nal S/and not for each data bit received in the Input sig- 
nal S/as Is used In the previously described synchro- 
nous case. Thus, referring to FIG. 2, the edge detector 
50 would only generate clock pulses for the respective 
transitions occurring at times T^and T-, in the input sig- 
nal S/ 110 substantially independent of the number of 
consecutive bits of the same logic state. As a result, this 
configuration reduces the power consumed by the Inte- 
grated circuit 1 . 

It should be readily understood that the function 
blocks depicted in the diagram of FIG. 1 can be per- 
fomaed by corresponding components or groups of com- 
ponents in an integrated circuit according to the inven- 
tion. Further, in accordance with the invention, it is also 
possible to use components or groups of components 
that integrate the functions of two or more of such func- 
tion blocks. For instance, an advantageous technique 
to provide substantially equal RC time constants for the 
LPF 45 and the high pass filter 55 is to use the same 
components to form both pass filters. Such a technique 
eliminates the requirement of matching capacitance and 
resistance values for the respective filters as well as re- 
ducing the area on the integrated circuit required by 
such filters. A CMOS circuit 200 that uses such a com- 
ponent arrangement and is capable of receiving a bal- 
anced input signal is shown in FIG. 3. 

A balanced input signal includes a pair of signals S/ 
and S/ that are 1 out of phase with one another. Bal- 
anced signals provide the advantage of high common 
mode noise rejection. As a consequence, balanced sig- 
nals can substantially reduce the effects of inductive 
noise caused by a dynamic voltage difference between 
respective ground planes of a circuit assembly, such as 
a PWB, and an integrated circuil mounted thereto. 

Similar components in FIGS. 1 and 3 are like num- 
bered for clarity including the Integrated circuit input 10 
and the capacitor 25. Since the circuit 200 employs bal- 
anced signals, a differential input 10' and capacitor 25' 
are also provided for use with the differential input signal 
Sf in FIG. 3. The capacitance values of the capacitors 
25 and 25* should b substantially similar so as not to 
cause the circuit 200 to generate differential output sig- 
nals that will result in the detection of erroneous data 
bits. Inverters 230 and 230' having substantially similar 
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output impedances correspond to the resistive element 
30 of FIG. 1 . Each inverter 230 and 230' has respective 
inputs 231 and 231' and outputs 232 and 232'. 

Two transistors 235 and 235' are disposed in paral- 
lel across the respective inverters 230 and 230'. It is pos- s 
sible to employ transistors having relatively long chan- 
nels for the transistors 235 and 235'. Each inverter out- 
put 232 and 232' is coupled to respective gates 252 and 
252* of transistors 250 and 250'. Each of the transistors 
250 and 250' is further coupled between the minimum io 
operating voltage V^s for the integrated circuit 200 and 
the respective inverter inputs 231 and 231 '. Respective 
transistors 260 and 260' are coupled between the invert- 
er inputs 231 and 231' and a maximum operating volt- 
ag© ^DD of integrated circuit 200. Gates 261 and is 
261' of \he transistors 260 and 260' are cross-coupled 
to Inverter inputs 231' and 231, respectively. The bal- 
anced output signals Sq and Sq are produced at the 
respective inverter inputs 231 anH23V which are further 
coupled to a differential amplifier 270 that generates am- 20 
plified balanced output signals OUT and OUT. 

The output resistances of the inverter outputs 232 
and 232' and the capacitors 25 and 25' correspond to 
the resistive element 30 and capacitor 25 of the high 
pass filter 55 as well as the components of the LPF 45 2S 
in FIG. 1. In this manner the capacitively-coupled sig- 
nals produced by the high pass filters that correspond 
to the signal Sq in FIG. 1 and the feedback signals pro- 
duced by the low pass filters that correspond to the sig- 
nal Sp of FIG. 1 are part of the respective composite 30 
signals S^and S^; at the inverter outputs 232 and 232'. 
These composite" signals Sq and correspond to the 
combined signal Sq of FIG. 1 . " 

Several other components in the integrated circuit 
200 in FIG. 3 also advantageously perfomn two or more 3S 
function blocks, i.e. integrate function blocks, in the QFR 
20 block diagram in FIG. 1. For instance, the cross-cou- 
pled flip-flop-like structure of transistors 250 and 250' 
and 260 and 260' correspond to the edge detector 50 
and signal quantizer 40 of FIG. 1 . Also, the function of 40 
the signal combiner 35 in FIG. 1 is performed at the in- 
verter outputs 232 and 232' in FIG. 3. 

An exemplary timing diagram 300 illustrating the 
operation of the circuit 200 is shown in FIG. 4. In FIG. 
4, waveforms 310 and 310' represent exemplary differ- 
ential input signals S/ and S/ include alternating se- 
quences of consecutive data bits of particular logic 
states. It is possible tor the voltage difference between 
the high and low logic states for the signals S, 310 and 
S/31 0' to be on the order of 700 m V. The high pass filters so 
formed by the respective capacitors 25 and 25' and the 
output resistance of the inverters 230 and 230' produce 
corresponding decayed differential signals 333 and 333' 
based on the input signals S; and Sf. 

Since the components forming the high pass filters ss 
also form the low pass filters, the decaying signals pro- 
duced by the high pass filter and the feedback signal 
produced by the low pass filter are included in the com- 



posite differential signals Sq and Sq, shown as wave- 
forms 320 and 320*. However, the signal components 
that make up the composite differential signals Sq 320 
and Sq 320* are shown as superimposed waveforms 
330 arTd 330' of signals Sqq^p and Sqq^p in FIG. 4 for 
ease of understanding. The signal generated by the high 
pass filter configuration is shown as solid line wave- 
forms 333 and 333' in the superimposed waveforms 330 
and 330' and correspond to the signal Sq in FIG. 2. Fur- 
ther, waveforms 335 and 335' in the superimposed 
waveforms 330 and 330* are shown with clashed lines 
and represent the differential feedback signals pro- 
duced by the low pass filter configuration which corre- 
spond to the feedback signal Spin FIG. 2. 

Since the same components are used for the high 
and low pass filters in the QFR circuit 200 in FIG. 3, the 
RC time constants are identical for these respective fil- 
ters. Accordingly, the rate of change in magnitude of the 
feedback signals 335 and 335' is substantially equal ahd 
opposite to the decay rate of the waveforms 333 and 
333'. As a consequence, the feedback signals 335 and 
335' compensate and substantially eliminate the decay- 
ing portion of the signals produced by the high pass filter 
configuration to form the composite signals 5^320 and 
5^320' as shown in FIG. 4. It is possible for the voltage 
difference between the high and low voltage states of 
the composite signals 5^320 and 5^320' for the CMOS 
QFR 200 in FIG. 3 to be on the ordir of 500 mV 

Referring again to FIG. 3, The differential output sig- 
nals Sq and Sq, waveforms 340 and 340' in FIG. 4, are 
composite signals containing a positive feedback signal 
component that facilitates edge detection of the differ- 
ential input signals S, 310 and S/ 310'. In addition, the 
cross-coupled circuit structure that produces the differ- 
ential output signals Sq 340 and Sq 340' has a latch- 
like configuration for fomning a portion of the signal 
quantizer 40 of FIG. 1. Moreover, the inclusion of the 
transistors 250 and 260 in this cross-coupled structure 
advantageously enables amplification of the differential 
putput signals Sq 340 and Sq 340'. It is possible for the 
difference between the high'and low logic states of the 
differential output signals Sq 340 and Sq 340' to be on 
the order of 2.3 V. The differential outputllgnals Sq 340 
and Sq 340' are then further amplified to the desired op- 
erating" voltage levels by the amplifier 270 in FIG. 3 to 
produce an amplified output signal OUT and OUT that 
can be used by other sections of the integrated circuit 1 
of FIG, 1 and/or other integrated circuits coupled to the 
integrated circuit 1. 

Although several embodiments of the invention 
have been described in detail above, many modifica- 
tions can be made without departing from the teaching 
thereof. Allot such modifications are Intended to be en- 
compassed within the following claims. For instance, al- 
though the invention has been described with regard to 
processing digital signals it is also useful for processing 
analog signals to eliminate decay caused by a high pass 
filtering effect. Such an integrated circuit would employ 
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a signal quantizer having a sufficient number of quan- 
tized output voltage levels to provide the desired output 
signal resolution. In addition, the clock input of such a 
quantizer should receive clock pulses at a rate of at least 
twice the anticipated highest frequency of the input sig- 
nal. Moreover, although the previously described em- 
bodiments employed voltage sIgnalS: current signals 
can be used in an integrated circuit according to the in- 
vention. 



Claims 

1. An integrated circuit having a capacitively-ccupled 
input comprising: 

a quantized feedback receiver (QFR) coupled 
to said input a high pass filter being formed by an 
input resistance of said QFR and a capacitance as- 
sociated with said capacitively-coupled input, said 
high pass filter producing a capacitively-coupled 
signal based on a signal at said QFR Input, said pro- 
. duced capacitively-coupled signal having at least 
one interval with a decaying magnitude based on a 
non-decaying inten^al of said input signal, wherein 
the QFR generates a feedback signal that is com- 
bined with said capacitively-coupled signal, and. 
wherein said feedback signal has a magnitude rate 
of change that compensates for said decaying in- 
terval of said capacitively-coupled signal in said 
combined signal. 

2. An integrated circuit comprising: 

a capacitor coupled to an Iriput of sard integrat- 
ed circuit; and 

a quantized feedback receiver (QFR) coupled 
to said capacitor, a high pass filter being formed 
by said capacitor and an input resistance of 
said QFR. said high pass filter producing a ca- 
pacitively-coupled signal based on a signal at 
said integrated circuit input, said produced ca- 
pacitively-coupled signal having at least one in- 
ten/al with a decaying magnitude based on a 
non-decaying interval of said input signal, 
wherein the QFR generates a feedback signal 
that is combined with said capacitively-coupled 
signal, and wherein said feedback signal has a 
magnitude rate of change that compensates for 
said decaying Inten/al of said capacitively-cou- 
pled signal in said combined signal. 

3. An integrated circuit as claimed in claim 1 or 2 
wherein said feedback signal has substantially the 
same magnitude rate of change as said decaying 
inten/al of said capacitively-coupled signal and 
wherein said combined signal corr spends to said 
input signal substantially without decay. 



4. An integrated circuit as claimed In claim 1 or 2 
wherein the QFR comprises: 

an 1 ctrically resistive element coupled to said 
s capacitively-coupled input; 

a signal combiner coupled to said resistive el- 
ement; 

a signal quantizer having an input coupled to a 
signal combiner output; and 
10 a low pass filter having an input coupled to a 

signal quantizer output and an output coupled 
to said signal combiner. 

5. An integrated circuit as claimed In claim 4 wherein 
said low pass and high pass filters have substan- 
tially equal RC time coristants. 

6. An integrated circuit as claimed in claim 4 wherein 
the signal quantizer comprises a flip-flop. 

20 

7. An Integrated circuit as claimed in claim 6 wherein 
said flip-flop is a D-type flip-flop. 

8. An integrated circuit as claimed in claim 4 wherein 
25 the QFR comprises an edge detector coupled to 

said resistive element and having an output coupled 
to a clock input of said signal quantizer. 

9. An integrated circuit as claimed in claim 4 wherein 
30 said capacitor and resistive element also form the 

low pass filter. 

10. The integrated circuit of claim 1 or wherein the in- 
tegrated circuit input is operable to receive a bal- 

35 anced input signal. 

11. An integrated circuit as claimed in claim 1 or 2 
wherein said feedback signal is part of a composite 
signal produced by said QFR. 

40 

12. An integrated circuit as claimed in claim I compris- 
ing a capacitor that forms the capacitively-coupled 
input. 

45 13. An integrated circuit as claimed in claim 1 wherein 
the capacitor is disposed external to the integrated 
circuit. 

14. A method for processing a digital signal having a 
so first set of signal magnitudes into a digital signal 
having a corresponding second set of signal mag- 
nitudes by an integrated circuit, the method com- 
prising: 

55 capacitively coupling the digital signal having 

said first set of signal magnitudes, said capac- 
itive coupling producing a signal having said 
second set of signal magnitudes, said capaci- 
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tively-coupled signal haying at least one Inter- 
val with a decaying magnitude due to a high 
pass filter effect caused by an associated cou- 
pling capacitor and an input resistance of said 
integrated circuit; s 
generating a complimentary signal based on 
said capacitively-coupled signal; and 
combining said complimentary signal and said 
capacitively-coupled signal to produce said 
digital signal having said second set of voltage io 
magnitudes, wherein said complimentary sig- 
nal is generated with a magnitude rate of 
change that compensates for said decaying in- 
terval of saidcapacitively-coupled signal in said 
produced digital signal. is 

15. A method as claimed in claim 14 wherein said com- 
plimentary signal is generated with a magnitude 
rate of change that is substantially equal to the de- 
caying magnitude of said capacitively-coupled sig- 20 
nal. 

16. A method as claimed in claim 14 wherein the step 
of generating the complimentary signal comprises: 

25 

generating a quantized signal having said sec- 
ond set of signal magnitudes based on said ca- 
pacitively-coupled signal; and 
filtering said quantized signal with a low pass 
filter to generate the complimentary signal, so 

17. A method as claimed In claim 16 wherein said low 
and high pass filters have substantially equal RC 
time constants. 



18. The method of claim 1 6 comprising: 



3S 



detecting a transition in signal magnitude in the 
capacitively-coupled signal; and 
generating said quantized signal in one of said 40 
second set of signal magnitudes until a next sig- 
nal magnitude transition is detected in said ca- 
pacitively-coupled signal. 

19, A method as claimed in claim 16 wherein said quan- 4S 
tized signal forms said digital signal having said 
second set of signal magnitudes. 

20. A method as claimed in claim 14 wherein said sig- 
nals are voltage signals. so 
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